9 1 0 Running head: Community successions in N treated soils 1 1 1 2
showing increases in population size in response to N using the following formula: where: N t : The amount at time t; N 0 : The amount at time 0; r: exponential growth rate; and growth rate (per day). The fit model was performed in R using "drc" and 2 4 3 "ggplot2" packages. Soil pH increased from acidic (pH = 5.5 ± 0.1, i.e. mean ± SD) to alkaline 2 4 8 reaching a maximum (pH = 8.7 ± 0.2) at day 3 in urea treated soils. Return to baseline 2 4 9 pH was modulated by soil moisture with high moisture (HM; -1.0kPa) soil reaching 2 5 0 baseline at day 35 and low moisture soils (LM; -10kPa) doing so at day 53 ( Fig. 1 ).
5 1
This shift in pH was linked to a successive N transformation process initiated with transformation with the response modified by moisture. Maximum production (mean 2 5 5 µg N g -1 soil) for each transformation was observed at day 3, 21 and 35 respectively for N 2 O, with a short pulse (0 to 5 days) reaching a maximum at day 2 for HM soils 2 5 9
(11602.8 µg m -2 h -1 ) and day 3 for LM soils (46.8 µg m -2 h -1 ) ( Fig. 1 and 2 6 0 Supplementary Fig. S1 ). A second, longer duration (10 to ~50 days), N 2 O pulse 2 6 1 reached a maximum at day 28 for HM soils (6405.1 µg m -2 h -1 ) and day 30 for LM 2 6 2 soils (448.9 µg m -2 h -1 ). The large N 2 O spike (first peak) between days 0 to 5 in the 2 6 3
HM+N treatment was about 11.6% of the total N 2 O cumulative flux over 63 days, for all functional groups (except AOA and N-fixers in HM soil) in response to urea 2 7 1 ( Fig. 1 ). However, maximum relative transcription did not match maximum 2 7 2 production peaks for corresponding substrates, or products, for each functional group. for LM and -7-fold for HM) resulting in lower expression than in untreated soils ( 1). AOB relative activity also increased but was sustained for a much longer period 2 7 9
(3-63 days), with maximum activity (>11-fold change) seen at 21 and 35 days for reducers) showed similar responses as AOA, with peak activity at day 3 and a rapid 2 8 2 return to baseline, in the case of nitrite reducers decreasing to levels below those 2 8 3 observed in non-urea treated soils ( Fig. 1 ). To account for endogenous sources of N, limited to AOB. Generally, AOB comprised <1 % of the total community, but in 2 9 5 response to urea increased up to 29-fold to make up 19 % (day 21 for HM) and 20-2 9 6
fold to make up 12 % (day 35 for LM) of the community in urea treated soils. In contrast, AOA were found at consistently high levels (median=4.2 %) in untreated 2 9 8 soils, but numbers decreased >7-fold in response to urea (~1.3 % at least 63 day). Similarly, other functional groups (nosZI, nifH) decreased or remained stable (nirS) in Moisture was found to have a smaller, but significant, effect compared to urea, with their HM pairs. Richness and diversity losses were not recovered even after 63 days. In contrast, samples where no urea was applied remained stable (i.e. constant diversity 3 1 5 and richness). Urea deposition significantly altered community structure (Adonis test: F= Changes in community structure were associated with shifts in major transcription where correlated to each other ( Supplementary Table S2 and Fig. S7 , especially under background conditions ( Supplementary Fig. S7 ). In contrast, groups the Thaumarchaeota all were negatively impacted by urea deposition. To account for response patterns over time, we focused on OTUs that OTU contributions ranging from 5 to 0.1 percent at the DNA level and 5 to 0.06 3 7 8 percent at the RNA level (Table S3 ). Temporal patterns were conserved between 3 7 9
DNA and RNA profiles ( Supplementary Fig. S9 , S10), despite differences in absolute In contrast, negatively affected OTUs all responded within the first 2 time points for different taxa. To test this, we predicted rRNA operon copy numbers (rrn) for all response with an asymptote reached at higher copy numbers (Fig. 7) . These trends 3 9 5
were consistent independent of which moisture conditions were present at the time of response. To account for preferential response due to moisture, we selected the highest response for each organism and saw no clear difference in patterns. To account for potential biases due to uneven representation, OTUs were grouped into low (1-2 copies of rrn) or high (>2) copy number organisms (Supplementary Table   4 0 0 S4). While significant changes (p < 0.05, Supplementary Fig. S11 ) were observed in 4 0 1 most instances, exceptions were noted (e.g. growth rate under HM). later with population swings spanning from near detection limit to most dominant we only observed a modifier role in our experiment.
6 8
Although broad observations align with ecological theory, precise 4 6 9
identification of responsive organisms is rarely carried out. Here we note that while at OTU level suggesting intra-taxonomic (i.e. same phylum but different species or 4 7 2
OTUs) diversity. We hypothesized this reflects the life history strategies of the provides the population size of organisms capable of carrying out a process, the group proposed and applied to microbes previously, and suggests that an organisms' ability 4 9 2
to grow, utilize carbon, generate proteins and efficiently transform resources to which decreases in copy numbers are associated with later stages of succession 4 9 7
including in soils (Nemergut et al. 2015) . For example, two OTUs matching the 4 9 8
Verrucomicrobial OTU DA101 where found to be negatively affected by urea, and at 4 9 9
least one was found to be highly abundant under background conditions. DA101 organisms are predicted to be slow but efficient growers (k strategists). In contrast, low copy numbers (1-2) significantly associated to a negative response to N 5 0 8 deposition, while high copy numbers (>2) were linked to increased capacity for 5 0 9
growth, growth rate and maximum abundance. However, we found a non-linear 5 1 0 relationship between increased rrn copy numbers and growth capacity, best fitted by 5 1 1 models reaching an asymptote. These are first order models that suggest that while a 5 1 2 benefit exists where increased copy numbers lead to increased growth rate, after a 5 1 3 certain threshold other variables might limit any benefit. Alternatively, a decrease in 5 1 4 growth rate might be observed with increasing copy numbers once a tradeoff 2016). In our study these predictions are made complicated due to the observed intra-5 1 8 taxonomic variance that can arise from the lack of accurate knowledge of copy 5 1 9
numbers for many organisms, or from metabolic plasticity at higher taxonomic levels.
2 0
In addition, our analysis focused on N responsive organisms only, and with only 38
identified it indicates that most organisms were neither positively nor negatively 5 2 2
affected. This could explain why certain organisms (e.g. Actinobacteria) expected to 5 2 3 be k strategist, based on their ability to produce secondary metabolites (Abdelmohsen could indicate that our false discovery rate corrections were too restrictive. These findings help us get closer to understanding not just the metabolic 5 2 8 potential of organisms in soils, but the role specific pathways play for an organism. It 5 2 9
also allows us to understand the repercussion of disturbances and management of soils
on below ground biodiversity. The knowledge gained through these type of 5 3 1 observations, and integration of life history strategies into microbial ecology, will get 5 3 2 us one step closer to microbiome management as part of soil care. This work was funded by the New Zealand Government through the New Agricultural Greenhouse Gases (Agreement number: 16084) awarded to SEM and the 5 3 8
University of Otago. Products of Actinobacteria. Microbiology and Molecular Biology Reviews, 80, 1- Error bars are the standard error of the mean (n ≥ 3) for replicate mesocosms. and nitrogen fixers (nifH, nitrogenase reductase). 
